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SPECIFICATION 

CATALYST COMPOSITION 
Technical Field 

[0001] The present invention relates to a catalyst 

composition used as a catalyst for vapor or liquid phase 
reaction. 

Background Art 

[0002] Noble metals such as Pt (platinum) and Rh 

(rhodium) show high catalytic activities and have been widely 
used as catalytic components of three-way catalysts that can 
simultaneously clean up carbon monoxide (CO) , hydrocarbons 
(HC) , and nitrogen oxides (NOx) contained in emissions. 
[0003] Of these noble metals, Rh satisfactorily reduces 

NOx. Thus, for improving the thermostability, Rh is 
supported by perovskite-type composite oxides represented by 
the general formula ABO3 through impregnation, for example. 
[0004] Pt also exhibits insufficient thermostability, 

although it satisfactorily oxidizes CO even at low 
temperatures. Thus, for improving the thermostability, Pt is 
supported by perovskite-type composite oxide represented by 
the general formula AB0 3 through impregnation, for example. 
[0005] Additionally, by allowing Rh and/or Pt to 

coordinate in perovskite-type composite oxides, the 
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thermostability can be more improved and the exhaust gas 
purifying capability can be more increased than by supporting 
Rh and/or Pt through impregnation. 

[0006] For example, Lao.8Bao.2Nio.48Coo.50Rho.02O3, 

Lao. 2Ba 0. 7 Yo. iCuo.48Cr o.48 Pt 0.0403, Lao.9Ceo. 1C00. 9Pto.05Ruo.05O3 
(Japanese Unexamined Patent Publication No. 8-217461), 
Lao.4Sro.6Coo.95Rho.05O3 and Lao.4Sro.6Coo.95Pto.05O3 (Japanese 
Unexamined Patent Publication No. 5-76762) have been proposed 
as perovskite-type composite oxides to which Rh and/or Pt 
coordinate . 

[0007] Further, a perovskite-type composite oxide with a 

specific composition of LaFeo.57Coo.3sPdo.05O3 suppresses grain 
growth and maintains high catalytic activity over a long time. 
This is because of a self-regenerative function of the 
perovskite-type composite oxide, in which Pd is reversibly 
introduced or extracted to and from a perovskite-type crystal 
structure corresponding to oxidation-reduction change of 
emissions. These findings have been obtained in recent years 
(Y. Nishihata et al., Nature, Vol. 418, No. 6894, pp. 164-167, 
11 July 2002) . 

[0008] However, in the perovskite-type composite oxides 

described in Japanese Unexamined Patent Publication No. 8- 
217461 and Japanese Unexamined Patent Publication No. 5-76762, 
it is difficult to prevent grain growth by reversibly 
introducing and extracting Rh and/or Pt to and from a 
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perovskite-type crystal structure corresponding to oxidation- 
reduction change of emissions, as described in Nature, Vol. 
418, No. 6894, pp. 164-167. 

Disclosure of the Invention 

[0009] An object of the present invention is to provide 

a catalyst composition which effectively utilizes the high 
catalytic activity of Rh and/or Pt, prevents the activity 
from deteriorating due to grain growth in a long-term use, 
and exhibits satisfactory catalytic performance over a long 
time . 

[0010] The catalyst composition of the present invention 

comprises a perovskite-type composite oxide represented by 
the following general formula (1): 

Ai-xA' x Bi- (y +z > B' y N z 0 3 ( 1 ) 

wherein A represents at least one element selected from 
alkaline earth metals; A' represents at least one element 
selected from rare earth elements; B represents at least one 
element selected from Ti, Zr, and Hf; B' represents at least 
one element selected from transition elements (excluding rare 
earth elements, Ti, Zr, Hf, Rh, and Pt) and Al; N represents 
at least one element selected from Rh and Pt; x represents an 

atomic ratio satisfying the following condition: 0 < x < 
0.4; y represents an atomic ratio satisfying the following 

condition: 0 < y < 0.5; z represents an atomic ratio 
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satisfying the following condition: 0 < z < 0.5; and X 

represents 0 when N represents Pt alone. 

[0011] In the general formula (1), A preferably 

represents at least one element selected from Ca, Sr, and Ba, 

and A preferably represents Ca when N represents Pt . 

[0012] In the general formula (1), x preferably 

represents 0. 

[0013] In the general formula (1), B preferably 

represents at least one element selected from Ti and Zr, and 
B preferably represents Ti when N represents Rh. 
[0014] In the general formula (1) , y preferably 

represents 0. 

[0015] The catalyst composition of the present invention 

also comprises a perovskite-type composite oxide represented 
by the following general formula (2) : 

ABi-zNzOs (2) 
wherein A represents at least one element selected from Ca, 
Sr and Ba; B represents at least one element selected from Ti 
and Zr; N represents at least one element selected from Rh 
and Pt; and z represents an atomic ratio satisfying the 
following condition: 0 < z < 0.5. 

[0016] The catalyst composition of the present invention 

also comprises a perovskite-type composite oxide represented 
by the following general formula (3) : 

ABi- z Rh z 0 3 (3) 
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wherein A represents at least one element selected from Ca, 
Sr and Ba; B represents Ti; and z represents an atomic ratio 

satisfying the following condition: 0 < z < 0.5. 
[0017] The catalyst composition of the present invention 

also comprises a perovskite-type composite oxide represented 
by the following general formula (4): 

ABi-.PtzOa (4) 
wherein A represents at least one element selected from Ca 
and Ba; B represents at least one element selected from Ti 
and Zr; and z represents an atomic ratio satisfying the 
following condition: 0 < z < 0.5. 

[0018] The catalyst composition of the present invention 

comprises a perovskite-type composite oxide represented by 
the following general formula (5) : 

A W A' x Bi- (y+z, B' yN 2 0 3+6 ( 5 ) 

wherein A represents at least one element selected from 
alkaline earth metal elements; A' represents at least one 
element selected from rare earth elements; B represents at 
least one element selected from Ti, Zr, and Hf; B' represents 
at least one element selected from transition elements 

(excluding rare earth elements, Ti, Zr, Hf, Rh, and Pt) and 
Al; N represents at least one element selected from Rh and 
Pt; x represents an atomic ratio satisfying the following 

condition: 0 < x < 0.4; w represents an atomic ratio 
satisfying the following condition: w > (1 - x) ; y 
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represents an atomic ratio satisfying the following 
condition: 0 < y < 0.5; z represents an atomic ratio 
satisfying the following condition: 0 < z < 0.5; 8 
represents an oxygen excess; and x represents 0 when N 
represents Pt alone. 

[0019] In the general formula (5) , A preferably 

represents at least one element selected from Ca, Sr, and Ba, 
and A preferably represents Ca when N represents Pt . 
[0020] In the general formula (5) , x preferably 

represents 0. 

[0021] In the general formula (5) , B preferably 

represents at least one element selected from Ti and Zr, and 
B preferably represents Ti when N represents Rh. 

■ 

[0022] In the general formula (5) , y preferably 

represents 0. 

[0023] The catalyst composition of the present invention 

also comprises a perovskite-type composite oxide represented 
by the following general formula (6): 

A v Bi- z N z 0 3+ 6 (6) 
wherein A represents at least one element selected from Ca, 
Sr and Ba; B represents at least one element selected from Ti 
and Zr; N represents at least one element selected from Rh 
and Pt; v represents an atomic ratio satisfying the following 
condition: 1 < v; z represents an atomic ratio satisfying 
the following condition: 0 < z < 0.5; and 5 represents an 
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oxygen excess. . 

[0024] The catalyst composition of the present invention 

also comprises a perovskite-type composite oxide represented 
by the following general formula (7): 

A v Bi- z Rh z 0 3+ 5 (7) 
wherein A represents at least one element selected from Ca, 
Sr and Ba; B represents Ti; v represents an atomic ratio 
satisfying the following condition: 1 < v; z represents an 
atomic ratio satisfying the following condition: 0 < z < 
0.5; and 5 represents an oxygen excess. 

[0025] The catalyst composition of the present invention 

also comprises a perovskite-type composite oxide represented 
by the following general formula (8): 

A v Bi- 2 Pt 2 0 3+6 (8) 
wherein A represents at least one element selected from Ca 
and Ba; B represents at least one element selected from Ti 
and Zr; v represents an atomic ratio satisfying the following 
condition: 1 < v; z represents an atomic ratio satisfying 

the following condition: 0 < z < 0.5; and 5 represents an 
oxygen excess . 

[0026] The production method of the perovskite-type 

composite oxide of the present invention comprises 
formulating materials based on each atomic ratio of the 
perovskite-type composite oxide represented by the general 
formula ( 5 ) : 
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A W A' x Bi- (y +2) B' y N 2 0 3+ 6 ( 5 ) 

wherein A represents at least one element selected from 
alkaline earth metal elements; A' represents at least one 
element selected from rare earth elements; B represents at 
least one element selected from Ti, Zr, and Hf; B' represents 
at least one element selected from transition elements 
(excluding rare earth elements, Ti, Zr, Hf, Rh, and Pt) and 
Al; N represents at least one element selected from Rh and 
Pt; x represents an atomic ratio satisfying the following 

condition: 0 < x < 0.4; w represents an atomic ratio 
satisfying the following condition: w > (1 - x); y 
represents an atomic ratio satisfying the following 
condition: 0 < y < 0.5; z represents an atomic ratio 
satisfying the following condition: 0 < z < 0.5; 8 
represents an oxygen excess; and x represents 0 when N 
represents Pt alone. 

[0027] According to the catalyst composition of the 

present invention, since Rh and/or Pt efficiently 
repetitively forms solid-solution under an oxidative 
atmosphere and deposits under a reducing atmosphere (self- 
regeneration) with respect to a perovskite-type composite 
oxide, these noble metals can be maintained in a dispersed 
state. Therefore, the catalyst composition prevents the 
activity from deteriorating due to grain growth, and exhibits 
satisfactory catalytic performance over a long time. 
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Consequently, the catalyst composition can be widely used as 
a catalyst for vapor or liquid phase reaction. Particularly, 
it can exhibit a satisfactory exhaust gas purifying 
performance over a long time and is therefore advantageously 
usable as an exhaust gas purifying catalyst for purifying 
emissions discharged from internal combustion engines such as 
gasoline and diesel engines, and boilers. 

[0028] Furthermore, according to the production method 

of the perovskite-type composite oxide of the present 
invention, since materials are prepared so that an atomic 
ratio of the elements to be coordinated on the A site exceeds 
1, it is possible to dissolve Rh and/or Pt to stably form a 
solid solution at a high rate. Therefore, it is possible to 
stably produce a perovskite-type composite oxide in which Rh 
and/or Pt highly dissolves to form a solid solution. Further, 
according to the production method of the perovskite-type 
composite oxide of the present invention, even when materials 
containing a constituent element on the site A are lost 
during the production, the materials are prepared so that the 
atomic ratio of the elements to be coordinated on the A site 
exceeds 1, it is possible to suppress that the atomic ratio 
on the A sire is smaller than that on the B site. Therefore, 
it is possible to stably produce a perovskite-type composite 
oxide in which Rh and/or Pt dissolves to form a solid 
solution at a high rate. 



10 

[0029] In the perovskite-type composite oxide of the 

present invention, when the atomic ratio of the elements to 
be coordinated on the A site exceeds 1, it is possible to 
provide a perovskite-type composite oxide which has stable 
quality in which Rh and/or Pt dissolves to form a solid 
solution at a high rate. 



Brief Description of the Drawings 

FIG. 1 is a graph showing X-ray diffraction data of a 
powder of Example 1. 

FIG. 2 is a graph showing X-ray diffraction data of a 
powder of Example 3. 

FIG. 3 is an image processed by TEM micrograph of the 
powder of Example 1 (after oxidation treatment) . 

FIG. 4 is an image processed by TEM micrograph of the 
powder of Example 1 (after reduction treatment) . 

FIG. 5 is an image processed by TEM micrograph of the 
powder of Example 1 (after reoxidation treatment) . 

FIG. 6 is an image processed by TEM micrograph of the 
powder of Example 3 (after oxidation treatment) . 

FIG. 7 is an image processed by TEM micrograph of the 
powder of Example 3 (after reduction treatment). 

FIG. 8 is an image processed by TEM micrograph of the 
powder of Example 3 (after reoxidation treatment). 

FIG. 9 is an image processed by TEM micrograph of a 
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powder of Example 5 (after oxidation treatment). 

FIG. 10 is an image processed by TEM micrograph of the 
powder of Example 5 (after reduction treatment). 

FIG. 11 is an image processed by TEM micrograph of the 
powder of Example 5 (after reoxidation treatment) . 

FIG. 12 is an image processed by TEM micrograph of a 
powder of Example 8 (after oxidation treatment). 

FIG. 13 is an image processed by TEM micrograph of the 
powder of Example 8 (after reduction treatment) . 

FIG. 14 is an image processed by TEM micrograph of the 
powder of Example 8 (after reoxidation treatment) . 

FIG. 15 is an image processed by TEM micrograph of a 
powder of Example 9 (after oxidation treatment). 

FIG. 16 is an image processed by TEM micrograph of the 
powder of Example 9 (after reduction treatment). 

FIG. 17 is an image processed by TEM micrograph of the 
powder of Example 9 (after reoxidation treatment). 

FIG. 18 is an image processed by TEM micrograph of a 
powder of Example 10 (after oxidation treatment). 

FIG. 19 is an image processed by TEM micrograph of the 
powder of Example 10 (after reduction treatment). 

FIG. 20 is an image processed by TEM micrograph of the 
powder of Example 10 (after reoxidation treatment). 

FIG. 21 is an image processed by TEM micrograph of a 
powder of Example 11 (after oxidation treatment) . 
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FIG. 22 is an image processed by TEM micrograph of the 
powder of Example 11 (after reduction treatment). 

FIG. 23 is an image processed by TEM micrograph of the 
powder of Example 11 (after reoxidation treatment). 

Best Mode for Carrying Out the Invention 

[0030] A catalyst composition of the present invention 

contains a perovskite-type composite oxide represented by the 
following general formula (1): 

Ai-xA' x Bi- (y+ Z ) B' y N z 0 3 ( 1 ) 

wherein A represents at least one element selected from 
alkaline earth metals; A' represents at least one element 
selected from rare earth elements; B represents at least one 
element selected from Ti, Zr, and Hf; B' represents at least 
one element selected from transition elements (excluding rare 
earth elements, Ti, Zr, Hf, Rh, and Pt) and Al; N represents 
at least one element selected from Rh and Pt; x represents an 

atomic ratio satisfying the following condition: 0 < x < 
0.4; y represents an atomic ratio satisfying the following 

condition: 0 < y < 0.5; z represents an atomic ratio 
satisfying the following condition: 0 < z < 0.5; and X 
represents 0 when N represents Pt alone. 

[0031] Also the catalyst composition of the present 

invention contains a perovskite-type composite oxide 
represented by the following general formula (5) : 
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A W A' x Bi- (y+z) B' y N z 0 3+ 6 ( 5 ) 

wherein A represents at least one element selected from 
alkaline earth metal elements; A' represents at least one 
element selected from rare earth elements; B represents at 
least one element selected from Ti, Zr, and Hf; B' represents 
at least one element selected from transition elements 
(excluding rare earth elements, Ti, Zr, Hf, Rh, and Pt) and 
Al; N represents at least one element selected from Rh and 
Pt; x represents an atomic ratio satisfying the following 

condition: 0 < x < 0.4; w represents an atomic ratio 
satisfying the following condition: w > (1 - x) ; y 
represents an atomic ratio satisfying the following 
condition: 0 < y < 0.5; z represents an atomic ratio 
satisfying the following condition: 0 < z < 0.5; 8 
represents an oxygen excess; and x represents 0 when N 
represents Pt alone. 

[0032] The perovskite-type composite oxides represented 

by the general formulas (1) and (5) are composite oxides 
having a perovskite-type crystal structure represented by the 
general formula ABO3 . That is, in the perovskite-type 
composite oxides, the alkaline earth metal represented by A 
is essentially coordinated and the rare earth element 
represented by A' is optionally coordinated on the A site. 
However, on the B site, when Pt is coordinated alone as a 
noble metal represented by N, the rare earth element 



represented by A' is not coordinated and the alkaline earth 
metal represented by A is coordinated alone. 

[0033] On the B site, at least one element represented 

by N and selected from Rh and Pt is essentially coordinated; 
at least one element represented by B and selected from Ti, 
Zr and Hf is essentially coordinated; and transition elements 
represented by B' (excluding rare earth elements, Ti, Zr, Hf, 
Rh, and Pt) and/or Al are optionally coordinated. 
[0034] Examples of the alkaline earth metal represented 

by A in the general formulas (1) and (5) are Be (beryllium), 
Mg (magnesium) , Ca (calcium) , Sr (strontium) , Ba (barium) , 
and Ra (radium) , of which Ca, Sr, and Ba are preferred. Each 
of these can be used alone or in combination. 
[0035] When Pt, as a noble metal represented by N, is 

coordinated on the B site in the general formulas (1) and (5)-, 
the alkaline earth metal represented by A is preferably Ca. 
[0036] Examples of the rare earth element represented by 

A' in the general formulas (1) and (5) are rare earth 
elements which are. always trivalent, such as Sc (scandium) , Y 
(yttrium) , La (lanthanum) , Nd (neodymium) , Pm (promethium) , 
Gd (gadolinium) , Dy (dysprosium) , Ho (holmium) , Er (erbium) , 
and Lu (lutetium) ; rare earth elements which can be trivalent 
and tetravalent, such as Ce (cerium) , Pr (praseodymium) , and 
Tb (terbium) ; and rare earth elements which can be divalent 
and trivalent, such as Sm (samarium), Eu (europium), Tm 



(thulium) , and Yb (ytterbium) , of which earth elements always 
being trivalent are preferred, and La, Nd, and Y are more 
preferred. Each of these can be used alone or in combination. 

[0037] On the A site in the general formulas (1) and (5), 

x represents the atomic ratio satisfying the following 
condition: 0 < x < 0.4; and x preferably satisfies the 
following condition: 0 < x < 0.05. Specifically, the rare 
earth element represented by A' is not contained or contained 
at an atomic ratio of 0.4 or less, and preferably 0.05 or 
less. Therefore, on the A site, the alkaline earth metal 
represented by A is contained at an atomic ratio of 0.6 or 
more, and preferably 0.95 or more. 

[0038] On the A site in the general formulas (1) and (5), 

the atomic ratio x more preferably represents 0. 
Specifically, the A site preferably does not comprise the 
rare earth element represented by A' but comprises the 
alkaline earth metal represented by A alone. 
[0039] On the A site of the general formula (5), w 

represents atomic ratios satisfying the following conditions: 
w > 1 - x, namely, (w + x) > 1. The total atomic ratio (w + 
x) of elements to be coordinated on the A site exceeds 1.00. 
When the total atomic ratio (w + x) exceeds 1.00, Rh and/or 
Pt can be dissolved to form more stably a solid solution at a 
higher rate. The aromatic ratios (w + x) preferably satisfy 
the following conditions: 1.00 < (w + x) < 1.50, and more 



preferably 1 . 00 < ( w + x) < 1 . 30 . If the total atomic ratio 
(w + x) exceeds 1.5, by-products other than the perovskite- 
type composite oxides may be formed. 

[0040] When, as a noble metal represented by N, Pt alone 

is coordinated on the B site in the general formulas (1) and 
(5) (specifically, except that Rh alone is coordinated or Rh 
and Pt are coordinated as a noble metal represented by N on 
the B site) , the rare earth element represented by A' is not 
coordinated and the alkaline earth metal represented by A is 
coordinated alone . 

[0041] The element represented by B in the general 

formulas (1) and (5) is at least one selected from Ti 
(titanium), Zr (zirconium), and Hf (hafnium), of which Ti and 
Zr are preferred- Each of Ti, Zr, and Hf can be used alone 
or in combination. 

[0042] When, as a noble metal represented by N, Rh is 

coordinated on the B site in the general formulas (1) and (5), 
the element represented by B is preferably Ti. 
[0043] The transition elements represented by B' in the 

general formulas (1) and (5) are transition elements 
excluding rare earth elements, Ti, Zr, Hf, Rh, and Pt . 
Specific examples thereof are, in the Periodic Table of 
Elements (IUPAC, 1990), elements having atomic numbers of 23 
(V) through 30 (Zn) , atomic numbers of 41 (Nb) through 48 
(Cd) , and atomic number of 73 (Ta) through 80 (Hg) (excluding 



Rh and Pt) . 

[0044] More specific examples of the transition elements 

represented by B' are Cr (chromium) , Mn (manganese) , Fe 
(iron), Co (cobalt), Ni (nickel), and Cu (copper). Each of 
these transition elements can be used alone or in combination 
[0045] Therefore, the transition elements and Al 

represented by B' are preferably Cr, Mn, Fe, Co, Ni, Cu, 
and/or Al . 

[0046] On the B site in the general formulas (1) and (5), 

y represents an atomic ratio satisfying the following 
condition: 0 < y < 0.5; and preferably satisfying the 
following condition: 0 < y < 0.3. That is, on the B site, 
the transition element and/or Al represented by B' is not 
contained or is contained at an atomic ratio of less than 0.5 
and preferably at an atomic ratio of less than 0.3. 
[0047] Further, on the B site, z represents the atomic 

ratio satisfying the following condition: 0 < z < 0.5. That 
is, Rh and/or Pt are contained on the B site at an atomic 
ratio of 0.5 or less. 

[0048] At least one element selected from any of Ti, Zr, 

and Hf is contained on the B site at a total atomic ratio (1- 
(y + z) ) . That is, these elements are contained on the B 
site at an atomic ratio (l-(y + z)) as the residue of the 
total atomic ratio (y + z) of the above-mentioned transition 
element and/or Al represented by B' and Rh and/or Pt . 
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[0049] The atomic ratio y on the B site in the general 

formulas (1) and (5) is more preferably 0. That is, the B 
site preferably does not comprise the transition elements 
and/or Al represented by B' but only comprises at least one 
element selected from any of Ti, Zr and Hf represented by B 
and Rh and/or Pt . 

[0050] When the A site comprises divalent alkali earth 

metals and the B site comprises at least one element selected 
from the tetravalent elements of as Ti, Zr, and Hf, and Rh 
and/or Pt, it is possible to dissolve the noble metals of Rh 
and/or Pt to form a solid solution more stably by a 
combination of divalent alkali earth metals and at least one 
element selected from the tetravalent elements of Ti, Zr, and 
Hf . 

[0051] In the general formula (5) , 8 represents an 

oxygen excess. More specifically, it represents the 
excessive atomic ratio of oxygen atom caused by allowing the 
constitutional elements of the A site to be excessive to the 
stoichiometric ratio of a perovskite-type composite oxide of 
A:B:0 = 1:1:3. 

[0052] Consequently, the perovskite-type composite oxide 

represented by the general formula (1) is preferably a 
perovskite-type composite oxide represented by the following 
general formula (2): 

ABi_ z N 2 0 3 (2) 



wherein A represents at least one element selected from Ca, 
Sr and Ba; B represents at least one element selected from Ti 
and Zr; N represents at least one element selected from Rh 
and Pt; and z represents an atomic ratio satisfying the 
following condition: 0 < z < 0.5. 

[0053] When, as a noble metal represented by N, Rh is 

coordinated alone, a perovskite-type composite oxide 
represented by the following general formula (3) is 
preferred : 

ABi_ 2 Rh z 0 3 (3) 
wherein A represents at least one element selected from Ca, 
Sr and Ba; B represents Ti; and z represents an atomic ratio 

satisfying the following condition: 0 < z < 0.5. 

[0054] When, as a noble metal represented by N, Pt is 

coordinated alone, a perovskite-type composite oxide 

represented by the following general formula (4) is 

preferred: 

ABi- z Pt z 0 3 (4) 
wherein A represents at least one element selected from Ca 
and Ba; B represents at least one element selected from Ti 
and Zr; and z represents an atomic ratio satisfying the 
following condition: 0 < z < 0.5. 

[0055] As the perovskite-type composite oxide 

represented by the general formula (5) , a perovskite-type 
composite oxide represented by the following general formula 
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(6) is preferred: 

A v Bi- 2 N 2 0 3+6 (6) 
wherein A represents at least one element selected from Ca, 
Sr and Ba; B represents at least one element selected from Ti 
and Zr; N represents at least one element selected from Rh 
and Pt; v represents an atomic ratio satisfying the following 
condition: 1 < v; z represents an atomic ratio satisfying 

the following condition: 0 < z < 0.5; and 5 represents an 
oxygen excess . 

[0056] When, as a noble metal represented by N, Rh is 

coordinated alone, a perovskite-type composite oxide 
represented by the following general formula (7) is 
preferred: 

A v Bi- z Rh 2 0 3+ 6 (7) 
wherein A represents at least one element selected from Ca, 
Sr and Ba; B represents Ti; v represents an atomic ratio 
satisfying the following condition: 1 < v; z represents an 
atomic ratio satisfying the following condition: 0 < z < 
0.5; and 8 represents an oxygen excess. 

[0057] When, as a noble metal represented by N, Pt is 

coordinated alone, a perovskite-type composite oxide 
represented by the following general formula (8) is 
preferred : 

A v Bi- z Pt 2 0 3+ 6 (8) 
wherein A represents at least one element selected from Ca 



and Ba; B represents at least one element selected from Ti 
and Zr; v represents an atomic ratio satisfying the following 
condition: 1 < v; z represents an atomic ratio satisfying 

the following condition: 0 < z < 0.5; and 5 represents an 
oxygen excess. 

[0058] In the formulas (6), (7) and (8), v preferably 

satisfies the following condition: 1.00 < v < 1.50, and more 
preferably 1.00 < v < 1.30. 

[0059] The above-mentioned perovskite-type composite 

oxide can be prepared by any suitable process for preparing 
composite oxides, such as a coprecipitation process, a 
citrate complex process, or an alkoxide process, without 
being limited to any particular process. 

[0060] In the coprecipitation process, the perovskite- 

type composite oxide can be prepared, for example, in the 
following manner. Initially, an aqueous mixed salt solution 
containing salts of the respective elements is prepared so as 
to establish the above-mentioned stoichiometric ratio of the 
respective elements. The aqueous mixed salt solution is 
coprecipitated by adding a neutralizing agent thereto, and 
the resulting coprecipitate is dried and then subjected to a 
heat treatment. 

[0061] Examples of the salts of the respective elements 

are inorganic salts such as sulfates, nitrates, chlorides, 
and phosphates; and organic acid salts such as acetates and 
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oxalates. Further , the aqueous mixed salt solution can be 
prepared, for example, by adding the salts of the elements to 
water so as to establish the stoichiometric ratio and mixing 
them with stirring. 

[0062] Then, the aqueous mixed salt solution is 

coprecipitated by adding a neutralizing agent thereto. 
Examples of the neutralizing agent are ammonia and organic 
bases including amines such as triethylamine and pyridine; 
and inorganic bases such as sodium hydroxide, potassium 
hydroxide, potassium carbonate, and ammonium carbonate. The 
neutralizing agent is added to the mixed salt solution so 
that the resulting solution has a pH of about 6 to about 10. 
[0063] A perovskite-type composite oxide can be prepared 

by optionally washing, drying typically through vacuum drying 
or air drying, and heat-treating at about 500°C to 1200°C, 

preferably at about 600°C to 1000°C, the obtained 
coprecipitate . 

[0064] In the citrate complex process, a perovskite-type 

composite oxide is prepared, for example, in the following 
manner. Initially, an aqueous citrate-mixed salt solution 
containing citric acid and salts of the respective elements 
is prepared so as to establish slightly excess stoichiometric 
ratio of the respective elements. The aqueous citrate-mixed 
salt solution is evaporated to dryness to form citrate 
complexes of the respective elements. The citrate complexes 



are provisionally baked and subjected to a heat treatment. 
[0065] The salts of the respective elements can be the 

same salts as listed above. The aqueous citrate-mixed salt 
solution can be prepared by preparing an aqueous mixed salt 
solution in the abobe-mentioned manner and adding an aqueous 
solution of citric acid to the aqueous mixed salt solution. 
[0066] The aqueous citrate-mixed salt solution is then 

evaporated to dryness to form citrate complexes of the 
respective elements. The evaporation to dryness is carried 
out at a temperature at which the formed citrate complexes 
are not decomposed, for example, at room temperature to about 

150°C thereby to remove fluids. Consequently, the above- 
mentioned citrate complexes of the respective elements can be 
formed . 

[0067] The citrate complexes thus formed are 

provisionally baked and subjected to a heat treatment. 
Provisionally baking may be carried out by heating at 250°C 
to 350°C in vacuum or in an inert atmosphere. Then, the 
citrate complexes are subjected to a heat treatment at about 

500°C to 1200°C, and preferably about 600°C to 1000°C, to 
prepare a perovskite-type composite oxide. 
[0068] In the alkoxide process, the perovskite-type 

composite oxide can be prepared, for example, in the 
following manner. A mixed alkoxide solution containing 
alkoxides of the respective elements excluding Rh, Pt and 
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other noble metals (Ru (ruthenium), Pd (palladium), Ag 
(silver) , Os (osmium) , and Ir (iridium) ) is prepared so as to 
establish the stoichiometric ratio of the respective elements. 
The mixed alkoxide solution is precipitated on hydrolysis by 
adding a solution containing salts of Rh, Pt or other noble 
metals, and the precipitate is dried and heat-treated. 
[0069] Examples of the alkoxides of the respective 

elements are alcholates each comprising the elements and an 
alkoxy such as methoxy, ethoxy, propoxy, isopropoxy or 
butoxy; and alkoxyalcholates of the respective elements 
represented by the following general formula (9): 

E (OCH (R 1 ) - (CH 2 ) i-OR 2 ) j (9) 
wherein E represents the respective element; R 1 represents a 
hydrogen atom or an alkyl group having 1 to 4 carbon atoms; 
R 2 represents an alkyl group having 1 to 4 carbon atoms; i 
represents an integer of 1 to 3; and j represents an integer 
of 2 to 4. 

[0070] More specific examples of the alkoxyalcholates 

are methoxyethylate, methoxypropylate, methoxybutylate, 
ethoxyethylate , ethoxypropylate, propoxye thy late, and 
butoxyethylate . 

[0071] The mixed alkoxide solution can be prepared, for 

example, by adding alkoxides of the respective elements to an 
organic solvent so as to establish the above-mentioned 
stoichiometric ratio and mixing them with stirring. The 



organic solvent is not specifically limited, as long as it 
can dissolve the alkoxides of the respective elements. 
Examples of such organic solvents are aromatic hydrocarbons, 
aliphatic hydrocarbons, alcohols, ketones, and esters, of 
which aromatic hydrocarbons such as benzene, toluene, and 
xylenes are preferred. 

[0072] The mixed alkoxide solution is precipitated on 

hydrolysis. The organic solvent is distilled off from the 
mixed alkoxide solution to prepare an aqueous slurry solution 
and an aqueous solution containing salts of Rh, Pt or other 
noble metals in a predetermined stoichiometric . ratio is added 
to the aqueous slurry solution. 

[0073] Examples of the aqueous solution containing salts 

of Rh, Pt or other noble metals are nitrate aqueous solutions, 
chloride aqueous solutions, aqueous hexaammine chloride 
solutions, aqueous dinitrodiammine nitrate solutions, aqueous 
hexachloro acid hydrate solutions, and aqueous potassium 
cyanide salt solutions. 

[0074] The resulting aqueous solution is dried after 

distilling off water by vacuum drying or forced-air drying 
whereby to obtain a precursor, which is subjected to a heat 
treatment (baking) by heating at about 500°C to 1200°C, and 
preferably about 600°C to 1000°C, to obtain a perovskite-type 
composite oxide. 

[0075] Alternatively, the perovskite-type composite 



oxide may be prepared in the alkoxide process, for example, 
in the following manner. The mixed alkoxide solution is 
mixed with a solution containing salts of Rh, Pt or other 
noble metals to obtain a homogeneous mixed solution. The 
resulting solution is precipitated on hydrolysis to obtain a 
precipitate. The precipitate is dried and subjected to a 
heat treatment thereby to obtain the perovskite-type 
composite oxide. 

[0076] Examples of the organometallic salts of Rh, Pt or 

other noble metals are carboxylic acid salts of the noble 
metals formed of such as acetates and propionates ; metal 
chelate complexes of the noble metals, formed typically from 
(3-diketone compounds or p-ketoester compounds represented by 
the following general formula (10) and/or p-dicarboxylic acid 
ester compounds represented by the following general formula 

(ID : 

R 3 COCHR 5 COR 4 (10) 
wherein R 3 represents an alkyl group having 1 to 6 carbon 
atoms, a fluoroalkyl group or an aryl group having 1 to 6 
carbon atoms; R 4 represents an alkyl group having 1 to 6 
carbon atoms, a fluoroalkyl group or an aryl group having 1 
to 6 carbon atoms, or an alkyloxy group having 1 to 4 carbon 
atoms; and R 5 represents a hydrogen atom or an alkyl group 
having 1 to 4 carbon atoms, 

R 7 CH(COOR 6 ) 2 (11) 
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wherein R 6 represents an alkyl group having 1 to 6 carbon 
atoms; and R 7 represents a hydrogen atom or an alkyl group 
having 1 to 4 carbon atoms. 

[0077] In the general formulas (10) and (11), the alkyl 

groups having 1 to 6 carbon atoms as R 3 , R 4 and R 6 include, 
for example, methyl, ethyl, propyl, isopropyl, n-butyl, s- 
butyl, t-butyl, t-amyl, and t-hexyl. The alkyl groups having 
1 to 4 carbon atoms as R 5 and R 7 include, for example, methyl, 
ethyl, propyl, isopropyl, n-butyl, s-butyl, and t-butyl. The 
fluoroalkyl groups having 1 to 6 carbon atoms as R 3 and R 4 
include, for example, trif luoromethyl . The aryl groups as R 3 
and R 4 include, for example, phenyl. The alkyloxy group 
having 1 to 4 carbon atoms as R 4 includes, for example, 
methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, s-butoxy, and 
t-butoxy. 

[0078] More specific examples of the p-diketone 

compounds are 2, 4-pentanedione, 2 , 4-hexanedione, 2,2- 
dimethyl-3, 5-hexanedione, 1-phenyl-l, 3-butanedione, 1- 
t r if luoromethyl- 1 , 3-butanedione, hexaf luoroacetylacetone, 
1, 3-diphenyl-l, 3-propanedione, and dipivaloylmethane . 

[0079] More specific examples of the p-ketoester 

compounds are methyl acetoacetate, ethyl acetoacetate, and t- 
butyl acetpacetate . 

[0080] Specific examples of the p-dicarboxylic acid 

ester compounds are dimethyl malonate and diethyl malonate. 
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[0081] The solution containing the organometallic salts 

of Rh, Pt or other noble metals can be prepared, for example, 
by adding organometallic salts such as Rh, Pt and/or other 
noble metals to an organic solvent so as to establish the 
stoichiometric ratio and mixing them with stirring. The 
organic solvent can be the same organic solvents as listed 
above . 

[0082] The resulting solution containing the 

organometallic salts of Rh, Pt and/or other noble metals is 
mixed with the above-mentioned mixed alkoxide solution to 
prepare a homogeneous mixed solution, which is precipitated 
by adding water. The resulting precipitate is dried by 
vacuum drying or forced-air drying, and heat-treated at about 

400°C to 1000°C, preferably at about 500°C to 850°C, to obtain 
a perovskite-type composite oxide. 

[0083] Alternatively, the perovskite-type composite 

oxide of the present invention can be prepared in the 
following manner. Initially, a perovskite-type composite 
oxide is prepared from elements such as Rh, Pt and othe noble 
metals by the above-mentioned coprecipitation process, 
citrate complex process, or alkoxide process so as to 
establish the stoichiometric ratio. Then, Rh, Pt and other 
noble metals are dissolved in the resulting perovskite-type 
composite oxide to form a solid solution in the above- 
mentioned the stoichiometric ratio. 



[0084] The method for dissolving Rh, Pt and other noble 

metals in the perovskite-type composite oxide to form a solid 
solution is not specifically limited and a known method can 
be used. For example, a solution containing salts of Rh, Pt 
and/or other noble metals is prepared and a perovskite-type 
composite oxide is impregnated with the resulting salt- 
containing solution, and baked. 

[0085] Solutions containing the above-listed salts can 

be used as the salt-containing solution. Practical examples 
thereof are nitrate aqueous solutions, dinitrodiammine 
nitrate solutions, and chloride aqueous solutions. 
[0086] More specific examples are rhodium salt solutions 

such as aqueous rhodium nitrate solution and rhodium chloride 
solution; and aqueous platinum salt solutions such as 
dinitrodiammine platinum nitrate solution, chloroplatinic 
acid solution, and ammineplatinum ( IV) solution. After being 
impregnated with the noble metals, the perovskite-type 
composite oxide is dried, for example, at 50°C to 200°C for 1 
to 48 hours and then baked at 350°C to 1000°C for 1 to 12 
hours . 

[0087] In the catalyst composition of the present 

invention, the thus obtained perovskite-type composite oxide 
is further supported by the noble metal. Catalytic activity 
can be further improved by supporting the noble metal. 
[0088] Examples of the noble metal include Ru, Pd, Ag, 
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Os, and Ir, in addition to Rh and Pt, of which Rh, Pd, and Pt 
are preferred. Each of these noble metals can be used alone 
or in combination . 

[0089] The method of supporting the noble metal on the 

perovskite-type composite oxide is not specifically limited 
and a known method can be used. For example, a solution 
containing salts of noble metals is prepared, and the 
obtained perovskite-type composite oxide is impregnated with 
the noble metal salt solution and baked. An amount of the 
noble metals supported on the perovskite-type composite oxide 
is 20 parts by weight or less, and preferably from 0.2 to 10 
parts by weight, based on 100 parts by weight of the 
perovskite-type composite oxide. 

[0090] The .noble metal salt solution can be a solution 

of the above-mentioned salts or can practically be nitrate 
aqueous solutions, dinitrodiammine nitrate solutions, or 
chloride aqueous solutions. More specific examples are 
rhodium salt solutions such as rhodium nitrate solution and 
rhodium chloride solution; palladium salt solutions such as 
palladium nitrate solution and palladium chloride solution; 
platinum salt solutions such as dinitrodiammine platinum 
nitrate solution, chloroplatinic acid solution, and 
ammineplatinum ( IV) solution . 

[0091] The perovskite-type composite oxide is 

impregnated with the noble metal salt solution, then dried at 
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50°C to 200°C for 1 to 48 hours and further baked at 500°C to 
1200°C for 1 to 12 hours. 

[0092] The perovskite-type composite oxide thus obtained 

can be used directly as a catalyst composition, but is 
usually prepared as a catalyst composition by a known method 
of supporting on a catalyst carrier, for example. 
[0093] The catalyst carrier includes, but is not 

specifically limited to, known catalyst carriers such as 
honeycomb monolithic carriers comprising cordierite. 
[0094] To support the obtained perovskite-type composite 

oxide on the catalyst carrier, water is added to obtain a 
slurry, which is then coated onto the catalyst carrier, dried 
and further heat-treated at about 300°C to 800°C, preferably 
about 300°C to 600°C. 

[0095] In the thus obtained catalyst composition of the 

present invention, Rh and/or Pt are coordinated in a crystal 
structure of the perovskite-type composite oxide, and the 
coordinated Rh and/or Pt are deposited from the crystal 
structure under a reducing atmosphere and constitute a solid 
solution in the crystal structure under an oxidative 
atmosphere . 

[0096] Consequently, in the catalyst composition of the 

present invention, grain growth of Rh and/or Pt is 
effectively suppressed over a long period of service and 
these noble metals can be maintained in a dispersed state 
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because of a self-regenerative function, in which the noble 
metals repetitively form solid solution under an oxidative 
atmosphere and deposit under a reducing atmosphere. As a 
result, high catalytic activity can be maintained over a long 
time even when the amounts of Rh and/or Pt are drastically 
decreased. 

[0097] Therefore, according to the production method of 

the perovskite-type composite oxide of the present invention, 
it is possible to stably produce a perovskite-type composite 
oxide in which Rh and/or Pt highly dissolves to stably form a 
solid solution. 

[0098] Further, even when a material containing a 

constituent element on the site A is lost during the 
production, the material is prepared so that the atomic ratio 
of the elements to be coordinated on the A site exceeds 1, 
therefore, it is possible to suppress that the atomic ratio 
on the A sire is smaller than that on the B site. 
Accordingly, it is possible to stably produce a perovskite- 
type composite oxide in which Rh and/or Pt highly dissolves 
to form a solid solution. 

[0099] When the atomic ratio of the elements to be 

coordinated on the A site exceeds 1, it is possible to 
produce a perovskite-type composite oxide with a stable 
quality in which Rh and/or Pt highly dissolves to form a 
solid solution. 
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[0100] Therefore, the catalyst composition of the 

present invention can be widely used as a catalyst for vapor 
or liquid phase reaction. Particularly, it can exhibit a 
satisfactory exhaust gas purifying performance over a long 
time and is therefore advantageously usable as an exhaust gas 
purifying catalyst for purifying emissions discharged from 
internal combustion engines such as gasoline and diesel 
engines, and boilers. 

Examples 

[0101] The present invention will be illustrated in 

further detail by way of the following Examples and 
Comparative Examples, which by no means limit the scope of 
the present invention. 
[0102] Example 1 

(Production of CaTio.95Rho.05O3) 

Calcium isopropoxide 15.8 g (0.100 mol) 

Titanium isopropoxide 27.0 g (0.095 mol) 

[0103] A mixed alkoxide solution was prepared by 

charging the above components in a 500 mL round-bottomed 
flask, adding 200 mL of toluene and dissolving them with 
stirring. The mixed alkoxide solution was hydrolyzed by 
adding dropwise 200 mL of deionized water to obtain a white 
viscous precipitate. The toluene was distilled off from the 
mixed alkoxide solution to obtain an aqueous slurry, and the 



aqueous slurry was mixed with 10.29 g (Rh content: 5.00% by 
weight, 0.005 mol) of an aqueous rhodium nitrate solution and 
stirred at room temperature for 1 hour. 

[0104] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 950°C in the air 
for 2 hours to obtain 13.5 g of a brown powder of an Rh- 
containing perovs kite-type composite oxide having the 
composition of CaTio.95Rho.05O3 (Rh content: 3.71% by weight). 
[0105] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of CaTio.95Rho.05O3. Data of the X-ray 
diffraction are shown in Fig. 1. 
[0106] Example 2 

(Production of CaTio.9sRho.02O3) 

Calcium isopropoxide 15.8 g (0.100 mol) 

Titanium isopropoxide 27.9 g (0.098 mol) 

[0107] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 4.12 g 
(Rh content: 5.00% by weight, 0.002 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 



[0108] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 1 hour to obtain 13.2 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of CaTio.98Rho.02O3 (Rh content: 1.50% by weight). 
[0109] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of CaTio.9sRho.02O3. 
[0110] Example 3 

(Production of CaTio.9sPto.02O3) 

Calcium isopropoxide 15.8 g (0.100 mol) 

Titanium isopropoxide 27.9 g (0.098 mol) 

[0111] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 8.48 g 
(Pt content: 4.60% by weight, 0.002 mol) of an aqueous 
dinitrodiammine platinum nitrate solution and stirred at room 
temperature for 1 hour. 

[0112] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 
treatment (baking) in an electric furnace at 700°C in the air 



for 1 hour to obtain 13.6 g of a brown powder of a Pt- 
containing perovskite-type composite oxide having the 
composition of CaTio.9eRho.02O3 (Pt content: 2.81% by weight). 
[0113] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising a Pt-containing perovskite-type composite oxide 
having the composition of CaTio.9sPto.02O3 • Data of the X-ray 
diffraction are shown in Fig. 2. 
[0114] Example 4 

(Production of CaTio.9eRho.01Pto.01O3) 

Calcium isopropoxide 15.8 g (0.100 mol) 

Titanium isopropoxide 27.9 g (0.098 mol) 

[0115] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 2.06 g 
(Rh content: 5.00% by weight, 0.001 mol) of an aqueous 
rhodium nitrate solution and 4.24 g (Pt content: 4.60% by 
weight , 0.001 mol) of an aqueous dinitrodiammine platinum 
nitrate solution and stirred at room temperature for 1 hour. 
[0116] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 13.5 g of a brown powder of an Rh-Pt- 
containing perovskite-type composite oxide having the 



composition of CaTio.9sRho.01Pto.01O3 (Rh content: 0.75% by 
weight, Pt content: 1.41% by weight). 

[0117] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising a Rh-Pt-containing perovskite-type composite oxide 
having the composition of CaTio.98Rho.01Pto.01O3. 
[0118] Example 5 

(Production of CaZro.95Rho.05O3) 

Calcium isopropoxide 15.8 g (0.100 mol) 

Zirconium isopropoxide 31.1 g (0.095 mol) 

[0119] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 10.29 g 
(Rh content: 5.00% by weight, 0.005 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0120] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 1000°C in the 
air for 2 hours to obtain 17.6 g of a brown powder of an Rh- 
containing perovskite-type composite oxide haying the 
composition of CaZro.95Rho.05O3 (Rh content: 2.86% by weight). 
[0121] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
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comprising an Rh-containing perovs kite-type composite oxide 

having the composition of CaZro.95Rho.05O3. 

[0122] Example 6 

(Production of CaTio.72Zro.24Rho.04O3) 

Calcium isopropoxide 15.8 g (0.100 mol) 

Titanium isopropoxide 20.5 g (0.072 mol) 

Zirconium isopropoxide 7.9 g (0.024 mol) 

[0123] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 8.23 g 
(Rh content: 5.00% by weight. 0.004 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0124] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 900°C in the air 
for 2 hours to obtain 14.5 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of CaTio.72Zro.24Rho.04O3 (Rh content: 2.77% by 
weight) . 

[0125] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of CaTio.72Zro.24Rho.04O3. 



[0126] Example 7 

(Production of SrTio.95Rho.05O3) 

Strontium isopropoxide 20.6 g (0.100 mol) 

Titanium isopropoxide 27.0 g (0.095 mol) 

[0127] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 10.29 g 
(Rh content: 5.00% by weight, 0.005 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0128] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 1 hour to obtain 18.0 g of a brown powder of an Rh- 

containing perovskite-type composite oxide having the 
composition of SrTio.95Rho.05O3 (Rh content: 2.76% by weight). 
[0129] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of SrTio.95Rho.05O3. 
[0130] Example 8 

(Production of BaTio.95Pto.05O3) 

Barium isopropoxide 25.6 g (0.100 mol) 

Titanium isopropoxide 27.0 g (0.095 mol) 
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[0131] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 21.21 g 

(Pt content: 4.60% by weight, 0.005 mol) of an aqueous 
dinitrodiammine platinum nitrate solution and stirred at room 
temperature for 1 hour. 

[0132] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 18.6 g of a brown powder of a Pt- 
containing perovskite-type composite oxide having the 
composition of BaTio.95Pto.05O3 (Pt content: 4.05% by weight). 
[0133] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising a Pt-containing perovskite-type composite oxide 
having the composition of BaTio.95Pto.05O3. 
[0134] Example 9 

(Production of BaTio.95Rho.05O3) 

Barium isopropoxide 25.6 g (0.100 mol) 

Titanium isopropoxide 27.0 g (0.095 mol) 

[0135] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 10.29 g 
(Rh content: 5.00% by weight, 0.005 mol) of an aqueous 



rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0136] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 1000°C in the 
air for 2 hours to obtain 23.0 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of BaTio.95Rho.05O3 (Rh content: 2.18% by weight). 

[0137] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of BaTio.95Rho.05O3. 

[0138] Example 10 

(Production of BaZro.95Rho.05O3) 

Barium isopropoxide 25.6 g (0.100 mol) 

Zirconium isopropoxide 31.1 g (0.095 mol) 

[0139] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 10.2 9 

(Rh content: 5.00% by weight , 0.005 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0140] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 



obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 1000°C in the 
air for 2 hours to obtain 27.3 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of BaZro.95Rho.05O3 (Rh content: 1.86 by weight). 
[0141] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of BaZro.95Rho.05O3. 
[0142] Example 11 

(Production of CaZro.95Pto.05O3) 

Calcium isopropoxide 15.8 g (0.100 mol) 

Zirconium isopropoxide 31.1 g (0.095 mol) 

[0143] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 21.21 g 
(Pt content: 4.60% by weight, 0.005 mol) of an aqueous 
dinitrodiammine platinum nitrate solution and stirred at room 
temperature for 1 hour. 

[0144] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 1000°C in the 
air for 2 hours to obtain 27.6 g of a brown powder of a Pt- 
containing perovskite-type composite oxide having the 



composition of CaZro.95Pto.05O3 (Pt content: 5.29% by weight). 

[0145] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising a Pt-containing perovskite-type composite oxide 
having the composition of CaZro.95Pto.05O3. 

[0146] Example 12 

(Production of Cao.95Mgo.05Tio.9sRho.02O3) 

Calcium methoxypropylate 20.7 g (0.095 mol) 

Magnesium methoxypropylate 1.0 g (0.005 mol) 

Titanium methoxypropylate 39.6 g (0.098 mol) 

[0147] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 4.12 g 

(Rh content: 5.00% by weight, 0.002 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0148] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 13.3 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of Cao.95Mgo.05Tio.9eRho.02O3 (Rh content: 1.51% by 
weight) . 

[0149] The X-ray diffraction analysis of the powder 



revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of Cao.95Mgo.05Tio.98Rho.02O3. 
[0150] Example 13 

(Production of SrTio.67Alo.28Rhp.05O3) 

Strontium isopropoxide 20.6 g (0.100 mol) 

Titanium isopropoxide 19.0 g (0.067 mol) 

Aluminum isopropoxide 5.7 g (0.028 mol) 

[0151] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 10.29 g 
(Rh content: 5.00% by weight, 0.005 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0152] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 17.5 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of SrTio.67Alo.28Rho.05O3 (Rh content: 2.85% by 
weight) . 

[0153] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
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having the composition of SrTio.67Alo.2eRho.05O3. 



[0154] 



Example 14 



(Production of Sro.95Lao.05Zro.57Tio.38Rho.05O3) 



Strontium isopropoxide 



19. 6 g (0.095 mol) 



Lanthanum isopropoxide 



1. 6 g (0. 005 mol) 



Zirconium isopropoxide 



18.7 g (0.057 mol) 



Titanium isopropoxide 



10.8 g (0.038 mol) 



[0155] 



After the above components were charged in a 500 



mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 10.29 g 
(Rh content: 5.00% by weight, 0.005 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0156] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 20.9 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of Sr0.95La0.05Zr0.57Ti0.38Rh0.05O3 (Rh content: 2.41% 
by weight) . 

[0157] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of Sro.95Lao.05Zro.57Tio.3eRho.05O3. 



[0158] Example 15 

(Production of SrZro.76Feo.20Rho.03Ruo.01O3) 

Strontium methoxypropylate 26.6 g (0.100 mol) 

Zirconium methoxypropylate 34.0 g (0.07 6 mol) 

Iron methoxypropylate 6.5 g (0.020 mol) 

[0159] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 6.17 g 
of an aqueous rhodium nitrate solution (Rh content: 5.00% by 
weight, 0.003 mol) and 2.11 g of an aqueous ruthenium nitrate 
solution (Ru content: 4.80% by weight, 0.001 mol) and 
stirred at room temperature for 1 hour. 

[0160] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 21.1 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of SrZro.76Feo.20Rho.03Ruo.01O3 (Rh content: 1.40% by 
weight, Ru content: 0.46%. by weight). 

[0161] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of SrZro.76Feo.20Rho.03Ruo.01O3. 
[0162] Example 16 
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(Production of BaZro.76Feo.19Rho.05O3) 

Barium methoxypropylate 31.6 g (0.100 mol) 

Zirconium methoxypropylate 34.0 g (0.07 6 mol) 

Iron methoxypropylate 6.1 g (0.019 mol) 

[0163] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 10.29 g 
(Rh content: 5.00% by weight, 0.005 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0164] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 1000°C in the 
air for 2 hours to obtain 26.0 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of BaZro.76Feo.19Rho.05O3 (Rh content: 1.90% by 
weight) . 

[0165] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of BaZro.76Feo.19Rho.05O3. 
[0166] Example 17 

(Production of CaTio.99Rho.01O3) 

Calcium nitrate tetrahydrate 23.6 g (0.100 mol) 
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Aqueous titanium chloride solution (Ti content: 10.1% 



by mass) 



47.0 g (0.099 mol) 



[0167] 



An aqueous mixed salt solution was prepared by 



charging the above components in a 500 mL round-bottomed 
flask adding 200 mL of deionized water and dissolving them 
with stirring. To the aqueous mixed salt solution 200.0 g 

(corresponding to 0.50 mol in terms of NaOH) of an aqueous 
10% by weight sodium hydroxide solution prepared separately 
was added dropwise at room temperature to obtain a 
coprecipitate . The coprecipitate was further stirred for 2 
hours, filtrated, and fully washed with deionized water. 

[0168] The resulting coprecipitate was charged in a 500 

mL round-bottomed flask, mixed with 2.06 g (Rh content: 
5.00% by weight, 0.001 mol) of an aqueous rhodium nitrate 
solution and 100 mL of deionized water, and stirred at room 
temperature . 

[0169] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 13.4 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of CaTio.99Rho.01O3 (Rh content: 0.75% by weight). 
[0170] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
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comprising an Rh-containing perovskite-type composite oxide 
having the composition of CaTio.99Rho.01O3. 
[0171] Example 18 

(Production of BaZro.90Rho.10O3) 

Barium nitrate 26.1 g (0.100 mol) 

Oxyzirconium nitrate dehydrate 24.1 g (0.090 mol) 

[0172] An aqueous mixed salt solution was prepared by 

charging the above components in a 500 mL round-bottomed 
flask and dissolving them in 200 mL of deionized water with 
stirring. To the aqueous mixed salt solution 192.0 g 
(corresponding to 0.48 mol in terms of NaOH) of an aqueous 
10% by weight sodium hydroxide solution prepared separately 
was added dropwise at room temperature to obtain a 
coprecipitate . The coprecipitate was further stirred for 2 
hours, filtrated, and fully washed with deionized water. 
[0173] The resulting coprecipitate was charged in a 500 

mL round-bottomed flask, mixed with 20.58 g (Rh content: 
5.00% by weight, 0.010 mol) of an aqueous rhodium nitrate 
solution and 100 mL of deionized water, and stirred at room 
temperature. 

[0174] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 27.1 g of a brown powder of an Rh- 
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containing perovskite-type composite oxide having the 
composition of BaZro.90Rho.10O3 (Rh content: 3.71% by weight). 
[0175] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of BaZro.90Rho.10O3. 
[0176] Example 19 

(Production of Cai. 0 2Ti 0 . 95^0.0503+5) 

Calcium isopropoxide 37.1 g (0.102 mol) 

Titanium isopropoxide 27.0 g (0.095 mol) 

[0177] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 10.29 g 
(Rh content: 5.00% by weight, 0.005 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0178] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 13.4 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of Cai.o2Tio.95Rh 0 .o50 3 +6 (Rh content: 3.69% by 
weight) . 

[0179] The X-ray diffraction analysis of the powder 



revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having- the composition of Cai. 0 2Tio. 95^0.0503+5- 

[0180] Example 20 

(Production of Cai.osTio.sePto.c^Cb+s) 

Calcium isopropoxide 38.2 g (0.105 mol) 

Titanium isopropoxide 27.9 g (0.098 mol) 

[0181] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 8.48 g 

(Pt content: 4.60% by weight, 0.002 mol) of an aqueous 
dinitrodiammine platinum nitrate solution and stirred at room 
temperature for 1 hour. 

[0182] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 700°C in the air 
for 1 hour to obtain 13.8 g of a brown powder of a Pt- 
containing perovskite-type composite oxide having the 
composition of Cai.o5Tio.98Pto.o20 3 +6 (Pt content: 2.77% by 
weight) . 

[0183] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising a Pt-containing perovskite-type composite oxide 
having the composition of Cai.o5Ti 0 .98Pto. 0203+5 . 
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[0184] Example 21 

(Production of Sri.iTi 0 .99Pto.oi0 3 +5) 

Strontium isopropoxide 22.6 g (0.110 mol) 

Titanium isopropoxide 28.1 g (0.099 mol) 

[0185] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 4.24 g 

(Pt content: 4.60% by weight, 0.001 mol) of an aqueous 
dinitrodiammine platinum nitrate solution and stirred at room 
temperature for 1 hour. 

[0186] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 1 hour to obtain 18.1 g of a brown powder of a Pt- 
containing perovskite-type composite oxide having the 
composition of Sri.iTi 0 .99Pt 0 .oi03+6 (Pt content: 1.01% by 
weight) . 

[0187] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising a Pt-containing perovskite-type composite oxide 
having the composition of Sri. iTi 0 .99Pto. 0103+5, 
[0188] Example 22 

(Production of Bai.o2Tio.99Rh 0 .oi0 3+ 5) 

Barium isopropoxide 26.1 g (0.102 mol) 



Titanium isopropoxide 28.1 g (0.099 mol) 

[0189] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 

Example 1, the obtained aqueous slurry was mixed with 2.06 g 
(Rh content: 5.00% by weight, 0.001 mol) of an aqueous 

rhodium nitrate solution and stirred at room temperature for 

1 hour. 

[0190] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 1000°C in the 
air for 2 hours to obtain 22.7 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of Bai.o2Tio.99Rh 0 .oi03+s (Rh content: 0.44% by 
weight) . 

[0191] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of Bai.o2Tio.99Rh 0 .oi03+6. 
[0192] Example 23 

(Production of Bai. 2 5Tio.95Pt 0 .o503+5) 

Barium nitrate 32.7 g (0.125 mol) 

Aqueous titanium chloride solution (Ti content: 10.1% 
by mass) 45.1 g (0.095 mol) 

[0193] An aqueous mixed salt solution was prepared by 



charging the above components in a 500 mL round-bottomed 
flask and dissolving them in 200 mL of deionized water with 
stirring. To the aqueous mixed salt solution 200.0 g 
(corresponding to 0.50 mol in terms of NaOH) of an aqueous 
10% by weight sodium hydroxide solution prepared separately 
was added dropwise at room temperature to obtain a 
coprecipitate . The coprecipitate was further stirred for 2 
hours, filtrated, and fully washed with deionized water. 
[0194] The resulting coprecipitate was charged in a 500 

mL round-bottomed flask, mixed with 21.21 g (Pt content: 
4.60% by weight, 0.005 mol) of an aqueous dinitrodiammine 
platinum nitrate solution and 100 mL of deionized water, and 
stirred at room temperature. 

[0195] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 25.8 g of a brown powder of a Pt- 
containing perovskite-type composite oxide having the 
composition of Bai. 2 5Tio.95Pto.o503+5 (Pt content: 3.55% by 
weight) . 

[0196] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising a Pt-containing perovskite-type composite oxide 
having the composition of Bai. 2 5Ti 0 . 95^0.0503+5 - 
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[0197] Example 24 

(Production of Cai.o2Zr 0 .98Pt 0 . 0203+5) 

Calcium isopropoxide 16.1 g (0.102 mol) 

Zirconium isopropoxide 32.1 g (0.098 mol) 

[0198] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 8.48g 

(Pt content: 4.60% by weight, 0.002 mol) of an aqueous 
dinitrodiammine platinum nitrate solution and stirred at room 
temperature for 1 hour. 

[0199] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 1000°C in the 
air for 2 hours to obtain 16.9 g of a brown powder of a Pt- 
containing perovskite-type composite oxide having the 
composition of Cai. 0 2Zr 0 . 98Pto.o20 3 +5 (Rh content: 2.14% by 
weight) . 

[0200] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising a Pt-containing perovskite-type composite oxide 
having the composition of Cai. 0 2Zro.98Pto.o20 3+ 5 . 
[0201] Example 25 

(Production of Sri. iTi 0 . 95^0.0503+5) 

Strontium isopropoxide 22.6 g (0.110 mol) 



Titanium isopropoxide 27.0 g (0.095 mol) 

[0202] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 10.29 g 
(Rh content: 5.00% by weight, 0.005 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0203] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 1 hour to obtain 18.4 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of Sri. iTio.9sRho. 0503+5 (Rh content: 2.64% by 
weight) . 

[0204] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of Sri. iTio.9sRh 0 . 0503+5. 
[0205] Example 2 6 

(Production of Bai. 2 Zr 0 . 97^0.0303+5) 

Barium nitrate 31.4 g (0.120 mol) 

Oxyzirconium nitrate dihydrate 25.9 g (0.097 mol) 

[0206] An agueous mixed salt solution was prepared by 

charging the above components in a 500 mL round-bottomed 
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flask and dissolving them in 200 mL of deionized water with 
stirring. To the aqueous mixed salt solution 200.0 g 
(corresponding to 0,50 mol in terms of NaOH) of an aqueous 
10% by weight sodium hydroxide solution prepared separately 
was added dropwise at room temperature to obtain a 
coprecipitate . The coprecipitate was further stirred for 2 
hours, filtrated, and fully washed with deionized water. 
[0207] The resulting coprecipitate was charged in a 500 

mL round-bottomed flask, mixed with 21.21 g (Pt content: 
4.60% by weight, 0.005 mol) of an aqueous dinitrodiammine 
platinum nitrate solution and 100 mL of deionized water, and 
stirred at room temperature. 

[0208] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 1000°C in the 
air for 2 hours to obtain 28.3 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of Bai.2Zr 0 .97Rh 0 .03O3+5 (Rh content: 1.01% by 
weight) . 

[0209] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of Bai. 2 Zr 0 .97Rho.o303 + 5. 
[0210] Example 27 
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(Production of Cai. 0 5Ti 0 .97Rho.o2Pto.oi03+6) 

Calcium isopropoxide 16.6 g (0.105 mol) 

Titanium isopropoxide 27.6 g (0.097 mol) 

[0211] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 4.12 g 
(Rh content: 5.00% by weight, 0.002 mol) of an aqueous 
rhodium nitrate solution and 4.24 g (Pt content: 4.60% by 
weight, 0.001 mol) of an aqueous dinitrodiammine platinum 
nitrate solution and stirred at room temperature for 1 hour. 
[0212] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 

for 1 hour to obtain 13.4 g of a brown powder of an Rh-Pt- 

» 

containing perovskite-type composite oxide having the 
composition of Cai.o5Tio.97Rho.o2Pto.oi03+6 (Rh content: 1.4 6% by 
weight, Pt content: 1.39% by weight). 

[0213] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-Pt-containing perovskite-type composite 
oxide having the composition of Cai.o5Tio.97Rho.o2Pt 0 .oi03+6 . 
[0214] Example 28 

(Production of Cai.iZr 0 . 9 5Rho.o50 3+ 5) 

Calcium isopropoxide 17.4 g (0.110 mol) 



Zirconium isopropoxide 31.1 g (0.095 mol) 

[0215] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained precipitate was filtrated, fully 

washed with deionized water, dried under air flow at 60°C for 
24 hours and subjected to a heat treatment (baking) in an 

electric furnace at 800°C in the air for 1 hour to obtain a 
powder of a perovskite-type composite oxide having the 
composition of CaZr0 3 . 

[0216] The obtained powder was impregnated with 10.29 g 

(Rh content: 5.00% by weight/ 0.005 mol) of an aqueous 

rhodium nitrate solution, dried under air flow at 60°C for 24 
hours and subjected to a heat treatment (baking) in an 

electric furnace at 800°C in the air for 1 hour to obtain 
16.9 g of a brown powder of an Rh-containing perovskite-type 
composite oxide having the composition of Cai.iZr 0 .95Rho.o503+5 
(Rh content: 2.80% by weight). 

[0217] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of Cai.iZr 0 .95Rh 0 .05O3+5. 
[0218] Comparative Example 1 

(Production of Lao.95Sro.05Alo.90Coo.05Pto.05O3) 

Lanthanum isopropoxide 30.0 g (0.095 mol) 

Strontium isopropoxide 1.0 g (0.005 mol) 



1 
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Aluminum isopropoxide 18.4 g (0.090 mol) 

Cobalt isopropoxide 0.9 g (0.005 mol) 

[0219] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 21.21 g 
(Pt content: 4.60% by weight, 0.005 mol) of an aqueous 
dinitrodiammine platinum nitrate solution and stirred at room 
temperature for 1 hour. 

[0220] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 21.8 g of a brown powder of a Pt- 
containing perovskite-type composite oxide having the 
composition of Lao.95Sro.05Alo.90Coo.05Pto.05O3 (Pt content: 4.41% 
by weight) . 

[0221] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising a Pt-containing perovskite-type composite oxide 
having the composition of Lao.95Sro.05Alo.90Coo.05Pto.05O3. 
[0222] Comparative Example 2 

(Production of PrFeo.90Coo.05Rho.05O3) 

Praseodymium methoxypropylate . 40.8 g (0.100 mol) 

Iron methoxypropylate 29.1 g (0.090 mol) 

Cobalt methoxypropylate 1.2 g (0.005 mol) 
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[0223] After the above components were charged in a 500 

mL round-bottomed flask and treated by the same procedure of 
Example 1, the obtained aqueous slurry was mixed with 10.29 g 
(Rh content: 5.00% by weight, 0.005 mol) of an aqueous 
rhodium nitrate solution and stirred at room temperature for 
1 hour. 

[0224] Next, the resulting mixture was evaporated to 

dryness by distilling off water under reduced pressure to 
obtain a precursor. The precursor was subjected to a heat 

treatment (baking) in an electric furnace at 800°C in the air 
for 2 hours to obtain 24.1 g of a brown powder of an Rh- 
containing perovskite-type composite oxide having the 
composition of PrFeo.90Coo.05Rho.05O3 (Rh content: 2.08% by 
weight) . 

[0225] The X-ray diffraction analysis of the powder 

revealed that it was identified as a single crystal phase 
comprising an Rh-containing perovskite-type composite oxide 
having the composition of PrFeo.90Coo.05Rho.05O3. 

[0226] Comparative Example 3 

A total of 20 g of a commercially available alpha- 
alumina having a specific surface area of 13.2 m 2 /g was 
impregnated with Rh supporting 9.1 g (corresponding to 0.41 g 
of Rh) of an aqueous rhodium nitrate solution having an Rh 
content of 4.48% by mass, subjected to forced-air drying at 
60°C for 24 hours and then subjected to heat treatment in an 
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electric furnace at 500°C in the air for 1 hour to obtain a 
powder of an Rh-supporting alpha-alumina (Rh content: 2.00% 
by weight) . 

[0227] Comparative Example 4 

A total of 20 g of a commercially available alpha- 
alumina having a specific surface area of 13.2 m 2 /g was 
impregnated with Pt supporting 4.8 g (corresponding to 0.41 g 
of Pt) of an aqueous dinitrodiammine platinum nitrate 
solution having a Pt content of 8.50% by mass, subjected to 
forced-air drying at 60°C for 24 hours and then subjected to 
heat treatment in an electric furnace at 500°C in the air for 
1 hour to obtain a powder of a Pt-supporting alpha-alumina 
(Pt content: 2.00% by weight). 

[0228] Test Example 1 (Test on physical properties) 

1) Measurement of specific surface area 

[0229] Specific surface areas of the powders obtained in 

Examples 1 to 18 and the respective Comparative Examples were 
measured by a BET process. The results are shown in Table 1. 

2) Observation by transmission electron microscope (TEM) . 
[0230] The respective powders prepared in Examples 1, 3, 
5, 8, 9, 10 and 11 were subjected to an oxidation treatment 
(heat treatment in the air at 800°C for 1 hour) , then a 
reduction treatment (heat treatment in an N 2 gas containing 
10% of H 2 at 800°C for 1 hour) and then a reoxidation 
treatment (heat treatment in the air at 800°C for 1 hour) . 
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After each of the reduction treatment and the reoxidation 
treatment, the respective powders were observed using a 
transmission electron microscope (TEM) . The results are 
shown in Figs. 3 to 23. 

[0231] As is apparent from the results shown in Figs. 3 

to 23, a state was observed where Rh or Pt constituted a 
solid solution in a perovskite-type crystal structure of the 
respective powders after the oxidation treatment. A state was 
observed where Rh or Pt was deposited from a perovskite-type 
crystal structure of the respective powders after the 
reduction treatment. A state was also observed where Rh or 
Pt constituted a solid solution again in a perovskite-type 
crystal structure of the respective powders after the 
reoxidation treatment . 

[0232] These facts revealed that the respective powders 

can exert a self -regenerative function, in which noble metals 
repetitively form solid solution under an oxidative 
atmosphere and deposit under a reducing atmosphere. 
3) Measurement of amount of solid solution of noble metal 
[0233] After each of the oxidation treatment and the 

reduction treatment, the powders obtained in Examples 1 to 18 
and the Comparative Examples were dissolved in an aqueous 7% 
by weight hydrofluoric acid (an aqueous 5% by weight 
hydrochloric acid in Example 8, Example 9, Comparative 
Example 1 and Comparative Example 2) . After being stood at 
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room temperature for 20 hours, the respective resulting 
solutions were filtered through a filter having a pore size 

of 0.1 ym<f> . Amounts of the noble metals dissolved in the 
filtrate were determined by inductively coupled plasma (ICP) 
emission spectroscopy and quantitative analysis of the noble 
metals in the residue was carried out by an X-ray diffraction 
(XRD) -scanning electron microscopy (SEM) analytical method. 
From these results, the amounts of solid solutions of the 
noble metals after the oxidation treatment and the reduction 
treatment was calculated. From differences between the 
amounts of the solid solutions of the noble metals after the 
oxidation treatment and the amounts of the solid solutions of 
the noble metals after the reduction treatment, amounts of 
the deposited noble metal was calculated. The results are 
shown in Table 1. 

[0234] In the above method, the residue of a fluoride 

(calcium fluoride, etc.) was produced during dissolving the 
respective powders in an aqueous 7% by weight fluorohydric 
acid solution. However, since the noble metals constituting 
solid solutions in perovskite-type crystal structures were 
dissolved, proportions of the noble metals constituting the 
solid solutions in the perovskite-type crystal structures 
could be determined. 

[0235] Test Example 2 (Endurance test) 

1) Oxidation-reduction endurance test 



[0236] The powders obtained in Examples 1 to 18 and the 

Comparative Examples were alternately exposed to an oxidative 
atmosphere and a reducing atmosphere and then cooled to room 
temperature under the reducing atmosphere. In this test, a 
cycle for a total of 30 minutes comprising 5 minutes in an 
inert atmosphere, 10 minutes in an oxidative atmosphere, 5 
minutes in an inert atmosphere and 10 minutes in a reducing 
atmosphere was repeated 20 times, for a total of 10 hours. 

[0237] The inert atmosphere, the oxidative atmosphere or 

the reducing atmosphere correspond to an exhaust gas 
atmosphere to be discharged when a gaseous mixture is burned 
in a stoichiometric, lean or rich state. 

[0238] Each atmosphere was prepared by feeding the gases 

having the compositions shown in Table 2, which contains high 
temperature steam, at a flow rate of 300 * 10" 3 m 3 /hr. The 
atmosphere temperature was maintained at about 1000°C. 
2) Evaluation of activity 

[0239] While circulating a gas containing 4% NO and 6% 

H 2 (balance: He) at a flow rate of 50 mL/min., 40 mg of each 
powder subjected to the above oxidation-reduction endurance 
test was heated from room temperature to 400°C at a heating 
rate of 3°C/min. During heating, a signal of NO (mass: 30) 
was observed by a mass spectrometer and the temperature at 
which the number of counts reduced by 30% as compared with 
that at room temperature was taken as a NO 30% purifying 



temperature . 

3) Test on reproducibility 

[0240] The operations in Example 7, 11 and 19 to 28 were 

repeated respectively three times, to obtain powders each 
having an amount for three tests. With respect to each 
powder, amounts of solid solutions of the noble metals after 
the oxidation treatment was calculated according to Test 
Example 1-3) "Measurement of amount of solid solution of 
noble metal". The results are shown in Table 3. 
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[0241] While the illustrative embodiments and examples 

of the present invention are provided in the above 
description, such is for illustrative purpose only and it is 
not to be construed restrictively . Modification and 
variation of the present invention which will be obvious to 
those skilled in the art is to be covered in the following 
claims . 

Industrial Applicability 

[0242] The catalyst composition of the present invention 

can be widely used as a catalyst for vapor or liquid phase 
reaction, can exhibit satisfactory catalytic performance over 
a long time and is therefore advantageously usable as an 
exhaust gas purifying catalyst for purifying emissions 
discharged from internal combustion engines such as gasoline 
and diesel engines, and boilers. 



